ACTUATOR 


BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present invention relates to an actuator which 
effects linear reciprocating motion of a slider along a 
frame under a driving action of a driving source. 
Description of the Related Art: 

Actuators or the like have been used as transport means 
for transporting a workpiece. 

An conventional actuator is shown in FIGS, 12 and 13 
(see, for example, Japanese Laid-Open Patent Publication No. 
11-30234) . 

The conventional actuator 1 includes a slider 4 which 
is displaceable along a recess 3 of a track rail 2, and a 
screw shaft 6 which is driven by an unillustrated driving 
motor and which is screw- engaged with a nut member 5 that is 
detachable with respect to the slider 4. A pair of screw 
shaft support members 7a, 7b, which rotatably support the 
screw shaft 6, are provided at both ends of the screw shaft 
6 respectively. The screw shaft support members 7a, 7b are 
attached to an upper surface 8 of the track rail 2 . 

However, in the conventional actuator 1, it is not 
possible to provide the feed screw shaft mechanism as a 
single assembling unit including the screw shaft 6 and the 
screw shaft support members 7a, 7b. Therefore, it is not 
possible to conveniently assemble the feed screw shaft 


# 


mechanism to the track rail 2 and disassemble the feed screw 
shaft mechanism from the track rail 2. 

Specifically, in the conventional actuator 1, it is 
necessary to insert the screw shaft 6 through a through-hole 
5 9 of the slider 4 as shown in FIG. 13. Since the slider 4 

acts as an obstructive member, it is impossible to provide 
the feed screw shaft mechanism as a single unit including, 
for example, the screw shaft 6 and the screw shaft support 
members 7a, 7b. 

lM When the screw shaft 6 is assembled to the track rail 

2, it is necessary to insert the screw shaft 6 through the 
through-hole 9 of the slider 4. When the screw shaft 6 is 
detached from the track rail 2, it is necessary to pull out 
the screw shaft 6 from an axial end of the track rail 2 to 

i'§ disengage the screw shaft 6 from the through-hole 9 of the 

□ 

•P slider 4. In such a procedure, when the track rail 2 is 

M fixed, and there is an obstacle at the axial end of the 

track rail 2, it is difficult to pull out the screw shaft 6 

from the through-hole 9 of the slider 4. 

20 

SUMMARY OF THE INVENTION 
A general object of the present invention is to provide 
an actuator in which the feed screw shaft mechanism is 
provided as a single unit so that the feed screw shaft 
25 mechanism can be assembled to a frame easily and 

conveniently, and the feed screw shaft mechanism can be 
disassembled from the frame easily and conveniently. 
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The above and other objects, features, and advantages 
of the present invention will become more apparent from the 
following description when taken in conjunction with the 
accompanying drawings in which a preferred embodiment of the 
5 present invention is shown by way of illustrative example. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a perspective view illustrating an actuator 
according to an embodiment of the present invention; 
1^<S FIG. 2 is a front view illustrating the actuator; 

f*j FIG. 3 is a plan view illustrating the actuator; 

FIG. 4 is a vertical sectional view taken along a line 
;? IV- IV shown in FIG. 3; 

FIG. 5 is a vertical sectional view taken along a line 
if V-V shown in FIG. 3; 

;F FIG. 6 is a vertical sectional view taken along a line 

(«« VI -VI shown in FIG. 3; 

FIG. 7 is an exploded perspective view illustrating 
major components of the actuator; 
20 FIG. 8 is an exploded perspective view illustrating a 

feed screw shaft mechanism of the actuator; 

FIG. 9 is an exploded perspective view illustrating 
parts of the feed screw shaft mechanism; 

FIG. 10 is an exploded perspective view illustrating a 
25 guide mechanism of the actuator; 

FIG. 11 is a partial vertical sectional view 
illustrating a state in which a sensor is installed to a 


- 3 - 


.: :=s. 
L.-J 


side surface of a frame; 

FIG. 12 is a view, with partial cutaway, showing a 
conventional actuator; and 

FIG. 13 is an exploded perspective view illustrating 
5 the conventional actuator. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
In FIG. 1, reference numeral 10 indicates an actuator 
according to an embodiment of the present invention. 
ll:G[ The actuator 10 comprises a frame 12 having a plurality 

of attachment holes 11, a rotary driving source 14 connected 
to an end of the frame 12, a feed screw shaft mechanism 16 
"|* which is detachably assembled to the frame 12 for 

transmitting a rotary driving force of the rotary driving 
if source 14 through an unillustrated coupling member, a slider 

,C 18 which reciprocates in the axial direction of the frame 12 

|:£ under the action of the driving force transmitted by the 

feed screw shaft mechanism 16, and a guide mechanism 20 (see 
FIG. 10) for guiding the slider 18 along the frame 12. 
20 It is preferable that each of the frame 12 and the 

slider 18 is formed of a metal material such as stainless 
steel . 

As shown in FIGS. 7 and 8, the feed screw shaft 
mechanism 16 includes a ball screw shaft (feed screw shaft) 
25 28 which is connected coaxially to the drive shaft of the 

rotary driving source 14 with the unillustrated coupling 
member, and a ball screw nut (feed screw nut) 30 having a 
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penetrating screw hole for receiving the ball screw shaft 
28. 

The ball screw nut 30 comprises a cylindrical section 
32 having the penetrating screw hole, and a pair of flange 
5 sections 36a, 36b which are formed integrally at one end of 

the cylindrical section 32 and which are fixed to side 
surface portions of the slider 18 with screw members 34. 

The feed screw shaft mechanism 16 includes a housing 42 
which has a support section 38 for supporting the rotary 
l£h driving source 14 and which is connected to one end of the 

frame 12 with screw members 40, a bearing mechanism 44 which 
J'; 5 ? is connected to the end of the ball screw shaft 28, and a 

"j£ bearing holding member 48 which is connected to the housing 

42 with screw members 46. The bearing holding member 48 is 
1'Sf provided with a pair of dampers 49a, 49b which are separated 

»S from each other by a predetermined spacing distance in a 

substantially horizontal direction so that the dampers 49a, 
49b protrude toward the slider 18. 

An end plate 50 for rotatably supporting the other end 
20 of the ball screw shaft 28 is installed at the other axial 

end of the frame 12 with screw members 52. As shown in FIG. 
9, the bearing mechanism 44 includes a spacer 54, a bearing 
56, and a lock nut 58. 

In this arrangement, as shown in FIG. 9, it is 
25 preferable to provide the feed screw shaft mechanism 16 as a 

single unit, i.e., to assemble the ball screw shaft 28, the 
ball screw nut 30, the bearing holding member 48, and the 
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bearing mechanism 44 into one piece. 

Alternatively, as shown in FIG. 8, the feed screw shaft 
mechanism 16 may be constructed as a single unit including 
the housing 42 in addition to the ball screw shaft 28, the 
ball screw nut 30, the bearing holding member 48, and the 
bearing mechanism 44. 

Further, the feed screw shaft mechanism may be 
constructed as a single unit including the end plate 50 in 
addition to the ball screw shaft 28, the ball screw nut 30, 
the bearing holding member 48, the bearing mechanism 44, and 
the housing 42 (see FIG. 7). 

s shown in FIG. 10, the guide mechanism 2 0 includes a 
pair of Nfirst ball-rolling grooves 60a, 60b having an arc- 
shaped cro^s section, a pair of second ball-rolling grooves 
62a, 62b havina an arc- shaped cross section, and a pair of 
ball-rolling hole's 64a, 64b. The first ball-rolling grooves 
60a, 60b extends in the axial direction of the frame 12 in 
the vicinity of the bottom surface of the inner wall of the 
frame 12. The second ball-vK^lling grooves 62a, 62b are 
formed on side surfaces of theNslider 18. The second ball- 
rolling grooves penetrate the slider 18 in the axial 
direction, and extends in the vicinity of the second ball- 
rolling grooves 62a, 62b. 

The guide mechanism 20 further includes plates 6 8 and 
covers 70 which are integrally connected to lower portions 
of the slider 18 by with screw members 6 6 so that they are 
substantially parallel to the flange sections 36a, 36b of 


the ball screw nut 30, and return guides 72 which are 
installed to side surfaces of the slider 18. It is 
preferable that each of the plate 68, the cover 70, and the 
return guide 72 is formed of a resin material. 

In this arrangement, the plate 68 and the cover 70 are 
installed to the lower portion of the side surface of the 
slider 18. Accordingly, an upper portion of the side 
surface of the slider 18, to which the plate 68 and the 
cover 70 are not installed, can be used as an abutment 
surface for making abutment against the dampers 49a, 49b. 

The plate 68, the cover 70, and the return guide 72, 
which are disposed on one side of the slider 18 in the axial 
direction, are constructed by the same constitutive 
components as those which are disposed on the other side. 

Ball return grooves 74 are formed for the cover 70. In 
this arrangement, endless circulating tracks, along which a 
plurality of balls 7 6 roll, are constructed by the mutually 
opposing first and second ball-rolling grooves 60a, 60b, 
62a, 62b, the penetrating ball-rolling holes 64a, 64b formed 
for the slider 18, and the ball return grooves 74. 

As shown in FIG. 7, an opening 78, i.e., upwardly 
opening large recess, is formed at an upper central portion 
of the slider 18. The opening 78 extends in the axial 
direction of the slider 18, and defines a U-shaped inner 
surface of the slider 18. Accordingly, the cylindrical 
section 32 of the ball screw nut 30 can be assembled from 
the position thereover. 


As shown in FIG. 6, a hole 80 having a rectangular 
cross section, which penetrates downwardly from the opening 
78 , is formed through the slider 18. A return tube (not 
shown), which is installed to the ball screw nut 30 and 
which functions as a passage for allowing the plurality of 
balls 7 6 to roll, is accommodated in the hole 80. 
Therefore, with the hole 80 for accommodating the return 
tube, it is possible to reduce the size or dimension of the 
slider 18 in the height direction. 

The actuator 10 according to the embodiment of the 
present invention is basically constructed as described 
above. Next, its operation, function, and effect will be 
explained. 

At first, explanation will be made for a method for 
assembling the actuator 10. 

The pair of plates 68 and the covers 70 are installed 
to the both end surfaces of the slider 18 with the screw 
members 66. The slider 18 is assembled into the recess of 
the frame 12 (see FIG. 10). In this arrangement, the plates 
68, the covers 70, and return guides 72, which are composed 
of the same constitutive components respectively, are 
installed to the opposite ends the slider 18. Therefore, 
the plate 68, the cover 70, and the other components can be 
installed from either side of the slider 18. 

In other words, the same constitutive members are used 
for both ends of the slider 18 in the axial direction, and 
thus the assembling operation can be performed easily and 


conveniently regardless of the assembling orientation of 
these members. Further, since common parts are used for the 
guide mechanism 20, the number of parts can be reduced, and 
thus, the production cost is reduced. 

Subsequently, as shown in FIG. 7, the cylindrical 
section 32 of the ball screw nut 30 is inserted along the 
opening 78 from a position over the slider 18. The flange 
sections 36a, 36b are fastened to the side surface of the 
slider 18 with the screw members 34. Further, the feed 
ljQk screw shaft mechanism 16, i.e., the single assembly unit 

including the ball screw shaft 28, the ball screw nut 30, 
the end plate 50, and the housing 42 is installed to the 
frame 12. 

In this arrangement, the slider 18 is not obstructive 

liSj for installing the screw shaft mechanism 16 to the frame 12 

i. .ji 

»£ thanks to the opening 78 defining the U-shaped upper inner 

i;3 

;U. surface of the slider 18. The unit of the feed screw shaft 

mechanism 16, in which the ball screw shaft 28, the ball 
screw nut 30, the end plate 50, and the housing 42 are 

20 assembled in an integrated manner, can be installed easily 

and conveniently to the frame 12 from the position over the 
slider 18. The unit of the feed screw shaft mechanism 16 
can be disengaged easily and conveniently from the frame 12 
from the opening 78 of the slider 18. 

25 In the embodiment of the present invention, as shown in 

FIG. 5, the distance of separation H is small between the 
substantially horizontal straight line for connecting the 
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centers of the balls 76 rolling along the endless 
circulating track and the substantially horizontal straight 
line passing through the center of the ball screw shaft 28. 
Therefore, the moment applied to the slider 18 is 
5 suppressed, and it is possible to reliably effect the stable 

reciprocating linear motion of the slider 18. 

Next, the operation of the actuator 10 will be 
explained. 

When an unillustrated power source is energized, the 
ItiT rotary driving force of the rotary driving source 14 is 

•J transmitted to the ball screw shaft 28. Owing to the 

K J 

; !: =E 

; engagement of the ball screw shaft 28 rotating in the 

My 

S, F predetermined direction with respect to the screw hole of 

the ball screw nut 30, the slider 18, which is connected to 
15tf the ball screw nut 30, is displaced in the axial direction 

:'■ 

: p of the frame 12 under the guiding action of the guide 

mechanism 20. When the positive or negative polarity of the 
current flowing through the rotary driving source 14 is 
inverted under the control action of an unillustrated 
20 controller, the slider 18 reciprocates in the axial 

direction of the frame 12. 

When the slider 18 reciprocates in the axial direction 
of the frame 12, the plurality of balls 76 roll along the 
first ball-rolling grooves 60a, 60b and the second ball- 
25 rolling grooves 62, 62b. 

In the embodiment of the present invention, the ball 
screw shaft 28 and the rotary driving shaft of the rotary 
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driving source 14 are coaxially connected to one another. 
However, the ball screw shaft 28 and the rotary driving 
source 14 may be arranged substantially in parallel by using 
an unillustrated timing belt wound over a first pulley (not 
shown) connected to the ball screw shaft 28 and a second 
pulley (not shown) connected to the rotary driving shaft 
respectively * 

Alternatively, unillustrated driving means including, 
for example, a rodless cylinder or a fluid pressure-operated 
cylinder may be used in place of the rotary driving source 
14. 

Further, as shown in FIG. 11, a photosensor 84 may be 
installed to a side of the frame 12 with an attachment 
member 82 to detect an L-shaped object 86 which is connected 
to the slider 18 and which is displaceable in unison with 
the slider 18. Accordingly, it is possible to detect the 
position of an initial position. 

Additionally, in the embodiment of the present 
invention, the two arrays of the ball-rolling grooves 60a, 
60b of the frame 12 are arranged substantially horizontally, 
which is advantageous in that the dimension of the side 
portion of the frame 12 can be reduced, while increasing 
rigidity, as compared with a case in which four arrays are 
arranged. 

While the invention has been particularly shown and 
described with reference to preferred embodiments, it will 
be understood that variations and modifications can be 


effected thereto by those skilled in the art without 
departing from the spirit and scope of the invention 
defined by the appended claims. 


